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・Technical Effort
・Smart Structures for Extreme Environmental Conditions
・Nano Shape Memory Elements
・Robust, high performance     / SMA fiber  1μm or lesser (2007)
・Affinity, light weight, low cost, productivity / SMP fiber  100nm (2007)

・Science  
・Nano-effects in Phase transformation in metal and in polymer
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14. ABSTRACT 
We design a set of self-strengthening AMCs with shape memory nanofibers with the aim of inducing
compressive stress at different use temperatures; (i) high temperature for leading edge structure panels or
those near engine and (ii) low temperatures for composite face sheets of AF cryogenic tanks. To this end,
two types of SM nanofibers will be used, shape memory alloy (SMA) and shape memory polymer (SMP).
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Science and Engineering, and Mechanical Engineering at the University of Washington (UW) and
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and Dr. Yamamoto, Tohoku University, where Dr Tamagawa is expert in polymers, thus in charge of
design and process of shape memory polymers and Dr Yamamoto is in Metallurgy, thus in charge of
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The key active and sensing material in designing the proposed AMCs is shape memory (SM) nanofibers
where SM can be shape memory alloy (SMA) or shape memory polymer (SMP). SMA and SMP nano-fiber
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temperature. The key concept in designing self-strengthening AMCs is to induce compressive stress in the
matrix material through a shape (or length) change in SM nanofibers upon temperature change. This
compressive stress in the matrix is expected to suppress any cracking in the matrix. Use of ferromagnetic
SMA FePd nano-fibers is expected to provide additional functionality to the self-strengthening AMC, i.e.
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Scientific Approach
・Down-sizing bulk SMA by gas atomization and electro-dissolving
・Synthesis approach for nano size SMP by electrospinning

Accomplishment
1.  SMA particles produced by gas atomization (HU)
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Nickel-Titanium SMA powders

•impurity free
•homogeneous B2 phase

•the finest particles ever
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Scientific Approach & Accomplishment
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Accomplishment
2.  SMA fiber produced by electro-dissolving (HU)

Nickel-Titanium SMA fiber 15μm dia. Electro dissolving with pulse current. 

•Nickel titanium SMA with the smallest diameter ever,
•diameters: 15μm (Sep2006),  10μm (Oct),  3μm(Nov)
•Bamboo-structured fiber (Crystal grain size 8μm) 

・Present purpose (HU)
•SMA less than 100nm dia. affordable for tensile deformation
•SMA reinforced FRP with low CTE 
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nano fiber of SMP

SMP drawn by E-field

light polymerization

V

nano fiber of SMP
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light polymerization

Electrospinning machine

•The synthesis machine has been built (Gifu-U)

3. Synthesis approach for nano size SMP by electrospinning

Method of polymerization

•the test run started Nov.29, 2006 (Gifu-U)
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